There are a variety of methods concerning the examination of dangerous structures and rehabilitation of their robustness. One of the methods is uplifting and alignment of buildings with the use of hydraulic jack. Development of the uplift and alignment program is possible if there is a data, which is to be received both before the beginning of the uplift and during the process of recovery of spatial geometry of the building. The development of the uplift and alignment program automatically controls the speed rate of the hydraulic system. The suggested method enables an accurate control of a vertical reach and provides the minimal overload on deformable footing and structure of the building during its uplift and alignment.
Abstract.
There are a variety of methods concerning the examination of dangerous structures and rehabilitation of their robustness. One of the methods is uplifting and alignment of buildings with the use of hydraulic jack. Development of the uplift and alignment program is possible if there is a data, which is to be received both before the beginning of the uplift and during the process of recovery of spatial geometry of the building. The development of the uplift and alignment program automatically controls the speed rate of the hydraulic system. The suggested method enables an accurate control of a vertical reach and provides the minimal overload on deformable footing and structure of the building during its uplift and alignment.
There are many methods that have been developed over the years to examine the dangerous structures. One of them is uplift and alignment of buildings with the use of hydraulic jack. Depending on the type of deformation of the building, there are two possible ways of reconstructing its spatial and internal geometry: the transformation of the inclined deformation plane into a horizontal plane, or the transformation of the deformation plane into an inclined plane, and then the inclined plane into a horizontal plane.
The procedure for determining the deformationplaneis the following:when the building is being examined, the specified horizontal sections are leveled with a pitch, usually corresponding to the interaxial distances (with the pitch of the bearing building structures). At the same time, at least three given sectionsare assigned. These may include: the identified masonry belt, the lower (upper) end of the wall panel of the same floor, architectural belts made by wall masonry, the top surfaces of the foundation blocks, etc. Additional floors may include floors of the first floor (ceiling of the basement), window openings (upper or lower bound), other architectural elements of the building, the design location of which is known [1, 2] .
The implementation of ways to restore spatial geometry also varies. There are the following operating principles of the hydraulic system: 1) the hydraulic system operates at a constant speed on all the jacks and controls the equalization process by a factor of time (with a common for all jacks pumping station);
2) the system works with different jack speeds with a fixed total running time (at individual pumping stations); 3) combinedversion, when the speed of the system and the time of its operation vary (pulsating technique) (Figure 1 ). Depending on the two above described factors, a rehabilitation program is assigned and then its methodology is developed. Whereas, the development of the whole complex of works on uplifting and alignment of buildings is not possible without the basic data, as well as data obtained directly in the process of reconstructing the spatial geometry of the structure [3] .
Principle of operation of the hydraulic system
Constant speed on all the jacks, the time varies Currently, there are methods for monitoring the geometric parameters of a building using inclinometers, total stations and scanners. However, they all have a few drawbacks, such as: the high cost of equipment, the survey of the object between the uplifting cycles, as well as a long time spent processing and digitizing the data obtained, respectively.
As an innovation, a technology based on the operation of a hardware-system complex can be considered. This technology includes a software and computer complex, a system of hydraulic jacks with electro valves, load and displacement sensors and two robotic total stations ( Figure 2 ). Total stations can be installed both from two opposite sides of the building (Figure 3 ), and from two cross-lying corners, depending on the situation. A robotic total station is usually installed in a place not subject to deformation, from which a good view of the observed object is provided. If it is impossible to ensure stability of the installation site, it can place several reference reflectors in stable zones, and the total station will periodically determine its position by resection using these reflectors.
In the locations of control points highly-precise reflectors are installed. Theyare securely fixed to the object. The offset of the control point causes the reflector shifting. The total station, using the control software, determines the location of the reflectors in the local coordinate system [4] .
After installing the total stations at the stations and bringing them into the working position, your own coordinate systems of the total stations should be corresponded to the coordinate system of the building. First, the coordinates of all control points of the building are plotted. During the uplift, the coordinates of the same monitored points are plotted at certain intervals.
Measurements can be taken both directly from a tripod, and from stationary base stations. In front of the building one or several observation stations are fixed, the number of which depends on the size of the building. In the second case, stationary concrete or metal poles of a special design, on which the centers are fixed,are mountedin front of the building in convenient for observation locations. The points from which measurements are taken are included in the geodetic base. All measurements are taken in a single coordinate system, and for the convenience it is reasonable to observe in the coordinate system of the building itself.
The use of two electronic total stations in controlling the process of uplift and alignment a building is reduced to a continuous, sequential determination of the coordinates x i , y i ,z i of the corresponding control points [5, 6] .
By the difference in the coordinates obtained before and during the alignment process, the longitudinal and transverse relative inclinations of the vertical edges of the building the relative angles of twisting of the edges and planes of the walls, the torsional angles of the building and its parts, the horizontal displacement of the object, and the relative elongation of the longitudinal dimensions of the walls are calculated.
The most informative about the alignment process are the relative longitudinal and transverse inclinations of the vertical edges of the building. They are calculated by formulas for each edge of the building fixed by the researched points:
where i, j -the numbers of the points forming the edge of the structure;
coordinates of the corresponding points, determined before alignment;
the coordinates of the corresponding points, determined during the alignment process.
Receiving coordinates of the corners of the building faces, one can make conclusions considering the processes taking place with them. So, for example, changing the difference in the coordinates x i of the researched points, located in one horizontal section, gives us information about the compression of the wall. It should be noted that the use of reflectorless total stations allows to plot the coordinates in any fixed points of a building. In this case, the solution to the problem of finding geometric parameters is simplified, since it becomes possible to obtain the coordinates of those points of the building in which it is not possible to install marks with reflectors. When the edges of the building edges reach the design point, the uplift program informs the operator about the completion of the process [3] .
Also, in the process of uplifting, simultaneously with plotting of the coordinates of the control points of the corners of the building, time is recorded. When processing the received data, one receives additional information about the processes occurring with the building. In this case, the diagram of the interdependence of the inclinations, the compression of the walls, the angles of the twisting of the walls and the values of the uplifting from time,are created.
The coordinates (x, y, z) of the points fixed on the building are plotted in a certain period of time, t. The observation period t 0 = 0 is taken as the initial one and it corresponds to the coordinates of the points 1, 2, 3, and 4, i.e.
. It is assumed here that the initial velocities of the displacement of these points are:
In the timeperiod t 1  0, the spatial coordinates of points 1, 2, 3 and 4 ( 
Correspondingly, the velocities of displacement of points in time t 1 = t 1 -t 0 are:
Over the followingperiod of time, the values of the change in the velocities of the displacement of points 1, 2, 3, and 4 are determined:
The speed and acceleration of moving marks is determined. Analyzing the obtained dependencies, we can predict the state of the building at the following period of time. When the actual data are received at the certain time point, the results are compared, and the uplifting process mode is adjusted. Based on the measurement results, all parameters characterizing the state of the building are calculated and saved in the database.
After determining all the necessary data, the program sends them to the control unit. In a moment, an automatically updated warping of the building being lifted, with significantly enlarged banks of the edges of the given structure, is presented on the monitor screen for a better picture of the state of the building being lifted. There are also windows for working with the database, in which (as the data arrives) records are automatically added.
In the process of controlling the uplift and alignment of the building, the instruments and control points are arranged according to a pre-selected scheme (Figure 4 ). In the process of uplifting, the measurements were taken using a batter level with bar-code rails and an electronic total station (three-dimensional coordinates of the monitored points), all measurements were timed. The results of the obtained values are presented in Figure 1 
